Background: Quince seed mucilage (QSM) has been used in Iranian folk medicine in the treatment of wounds and burns. Experimental and clinical studies showed its wound healing activity. However, the mechanism by which this agent affects cells involved in the wound healing process is unknown. Objectives: In this study, we investigated the effects of QSM at concentrations of 50, 100, 200, and 400 µg/mL on human skin fibroblast proliferation as an aspect of promotion of wound healing. Materials and Methods: Human skin fibroblast cell line (HNFF-P18) was used in the experiment. Cell proliferation assay was measured by a MTT assay. Results: Cells treated with QSM at concentrations less than 400 µg/mL increased their proliferative activity. The concentration of 50 µg/mL was the most effective dose after 72 hours treatment. Conclusions: QSM has the ability to stimulate proliferation of human skin fibroblast. This effect suggests that this compound can act as a wound healing agent.
Background
Wound healing is a complex biological process, which results in the restoration of tissue integrity. Physiologically, it can be broken down into four distinct phases of haemostasis, inflammation, proliferation and tissue remodeling (1) . Fibroblasts are critical in supporting normal wound healing, involved in key processes such as breaking down the fibrin clot, creating new extra cellular matrix (ECM) and collagen structures to support other cells associated with effective wound healing, as well as contracting the wound (2) . It has been demonstrated that increasing the number of fibroblasts in an artificial dermal substitute leads to improved healing in experimental wounds (3) .
Several herbal and natural products have been investigated for promotion of wound healing. Quince seed mucilage (QSM) has been used for healing skin wounds in Iranian folk medicine. Experimental and clinical studies have shown the wound healing activity of QSM, which support the traditional use of this natural product (4) (5) (6) .
Quince (Cydonia oblonga Miller) from Rosaceae family is a deciduous tree cultivated as a medicinal and nutritional plant in the Middle East, South Africa and central Europe (7) . Different parts of the plant have been used in folk medicine for the treatment of variety of diseases. The leaves have been used after decoction for their sedative, antipyretic and antidiarrheic properties. The fruits were used for dysentery (8) . The seeds soaked or boiled in water, release the mucilage from the seed coat and make a jelly-like consistency used for sore throats and bronchitis and as a bulk laxative. Mucilage is also applied externally to minor burns, etc. (9) . During the past years, several experimental or clinical studies were performed to evaluate biological effects of quince and its derivatives such as antiradical (10) , antiproliferative (11) , antihemolytic (12) and antiallergic properties (13); moreover, lipid lowering (14) , antidiabetic (15) and healing effects of quince (5, 6) were investigated.
Objectives
The objective of this study was to investigate the effects of QSM on human skin fibroblast proliferation rate as an aspect of promotion of wound healing. The results from this study would explain possible mechanism of QSM on wound healing. To the best of our knowledge, this is the first study on the effects of QSM on fibroblast proliferation.
Materials and Methods

Plant Material
Quince fruits (Cydonia oblonga Miller) were collected during late summer from a garden in the city of Isfahan, central Iran. The plant was taxonomically identified in the Department of Botany, School of Sciences, Ahvaz Shahid Chamran University, Ahvaz, Iran.
Mucilage Preparation
Seeds were separated from the fresh pulps. The prepared seeds were dried in shade at a temperature of 25 -30°C. Then, 200 grams of quince seeds was added to 2500 mL distilled water then heated at 50 -60°C and mixed for 30 minutes. After 30 minutes, the beaker containing the quince mucilage was left to reach near 40°C. Afterwards it was filtered through a clean linen cloth and mucilage was separated. The mucilage was then heated in an oven at 40°C to form a dry powder. For use in experiments, the mucilage was dissolved in distilled water to give final concentrations of 50, 100, 200 and 400 µg/mL.
Cell Culture
Human skin fibroblast cell line (HNFF-P18) was purchased from the National Cell Bank of Iran (NCBI, Pasteur Institute, Tehran, Iran). This cell line was obtained from the foreskin of a male newborn in NCBI. Cells were grown to confluence in culture flasks containing the Dulbecco's modified Eagle's medium (DMEM, Gibco, USA) containing 10% heated inactivated fetal bovine serum (FBS, Gibco, USA) and 1% penicillin/streptomycin (Sigma, USA) in a 5% CO 2 incubator at 37°C. Confluent fibroblast monolayers were propagated by trypsinization (0.1% trypsin and 0.02% EDTA, Sigma, USA) and subcultured in a ratio of 1:2. The cells for the experiments were used in passages 4 -8.
Proliferation Assay
Cell proliferation assay was measured using the MTTmicroculture tetrazolium assay as earlier described (16) . Briefly, cells at the exponential growth phase were harvested, centrifuged and incubated in a 5% humidified CO 2 incubator at 37°C. The cell number was determined by hemocytometer. The mucilage was dissolved in distilled water and administered (10 µL) to give final concentrations of 50, 100, 200 and 400 µg/mL. In the control group, 10 µL of distilled water was added. Cells were collected at 12, 24, 48, and 72 hours. MTT [stock solution 5 mg/mL, phosphate-buffered saline (PBS, Sigma, USA)] was added and the plates were again incubated for four hours. Then, the plates were read immediately in a microplate reader (Power WaveX, Bio-Tek Instruments, USA) at 540 nm. Wells with complete medium, test agent and MTT but without cells were used as blanks.
The 
Statistical Analysis
The statistical analysis was performed by two-way analysis of variances (ANOVA). A Dunnett's multiple comparison test was used for post-hoc analysis. P < 0.05 was considered statistically significant.
Results
The QSM cream enhanced human fibroblasts proliferation (Figure 1 ). This effect of QSM in concentration of 100 and 200 µg/mL was visible by MTT assay after 48 hours of treatment (P < 0.05) (Figure 2 ). QSM at concentration of 50 µg/mL significantly enhanced the proliferation of fibroblast compared to the untreated group after 72 hours (P < 0.01) (Figure 3 ). The concentration of 400 µg/ mL was ineffective.
Discussion
Wound healing is a dynamic and interactive process involving soluble mediators, blood cells, extracellular matrix and parenchymal cells (17) . Extracellular matrix (ECM) components play a key role during the angiogenic process for a correct development of blood vessels. Fibroblasts are the main cell type involved in the regulation of ECM protein production (18) . These cells proliferate to expand and migrate into the wound area and synthesize ECM, also express thick actin bundles as myofibroblasts, which represent key players in physiological reconstruction of connective tissue after injury (19, 20) .
In this study, we tested the effects of QSM on human dermal fibroblast at doses of 50, 100, 200 and 400 µg/mL using MTT assay. The selection of the agent was based on its traditional medicinal use and its wound healing activity in animal model and human as reported in experimental and clinical studies.
Our results revealed that QSM significantly enhanced the proliferation rate of fibroblasts at concentrations less than 400 µg/mL. This finding is consistent with previous studies that QSM has the ability to accelerate wound healing (5, 6) . QSM at 400 µg/mL, the maximum concentration used in this study was not toxic to human fibroblasts. The concentrations of 100 µg/mL and 200 µg/mL of QSM significantly increased the proliferation of fibroblasts after 48 hours of treatment compared to the control group. Nevertheless, at concentration of 50 µg/mL, the effect was observed only after 72 hours, which was significantly greater compared to other groups. It means that QSM is effective in the proliferation phase of wound healing at low concentrations.
This finding could explain in part the observed wound healing effects of QSM. It presumably stimulates fibroblasts of the tissue around the wound to proliferate, Jundishapur J Nat Pharm Prod. 2015;10(1):e18820 Data are presented as Mean ± SE. Values significantly different from the control group are indicated as ** P < 0.01.
expresses appropriate integrin receptors and migrates into the wound space (21) . In fact, the appearance of fibronectin and appropriate integrin receptors that bind fibronectin, fibrin, or both on fibroblasts appears to be the rate-limiting step in the formation of granulation tissue (22) . Enhancement of fibroblasts proliferation indicates that QSM may contain growth promoting factor(s). These components are likely to candidates for the effects of QSM on proliferation of fibroblasts in the present study. Quince seed presents a phenolic profile composed of 3-O-caffeoylquinic, 4-O-caffeoylquinic, 5-O-caffeoylquinic and 3, 5-dicaffeoylquinic acids, lucenin-2, vicenin-2, stellarin-2, isoschaftoside, schaftoside, 6-C-pentosyl-8-C-glucosyl chrysoeriol and 6-C-glucosyl-8-C-pentosyl chrysoeriol (22) . The caffeoylquinic acid is a potent antioxidant. Radical scavenging and antioxidant activity of quince seed may explain the accelerative effect of QSM on fibroblast proliferation. We concluded that enhancement of fibroblast proliferation by QSM supports scientific basis of using this natural product in Iranian folk medicine in the treatment of wounds and burns.
